PREFACE
The U. S. Army's food irradiation program has as its primary objective the use of high doses (>1 Mrad) of irradiation to make prepackaged enzyme inactivated meats stable and safe from a microbiological health hazard when stored under nonrefrigerated conditions. In this process (radappertization) foods are formulated, placed in cellulose casings or metal molds, heated to an internal temperature of 73 to 77 C to inactivate autolytic enzymes, and chilled to -3 to 5 C. The product is the vacuum packaged in cans or in flexible pouches, frozen to ca.
-40 C, and irradiated within a temperature range of -40 C to -8 C to obtain the desired minimal radiation dose (MRD) . Inoculated pack studies with 10 strains of £. botulinum spores provide data for the computation of the MRD, the dose required to reduce the number of viable spores of £. botulinum by a factor of 1 x 10 12 .
Although viruses are more radiation resistant than C_. botulinum spores,they should not present a health problem in radappertized meats because; due to their reported heat sensitivity, they should be destroyed during the preirradiation thermal treatment to inactivate autolytic enzymes. This review of literature, performed under project order number DRXNM 77-115 was deemed essential to confirm the reported heat sensitivity of viruses.
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THKRHAL INACTIVATION OF VIRUSES
The thermal resistance of VJ rus in foods is t\.t lumvH >v the presence of protective agents that reduce the lethal effect of heat on the viruses at temperatures below 60 C In addition, whtn solid foods are processed heat transfer is by conduction,and the required internal temperatures must be attained to effectively inactivate viral contaminants.
In Table 1 some of the characterlottos of aniiT»! viruses arc depicted. The various f ant lies have been seoarated by their Luovant don sities and are listed alphabetically-The families 11 through 15 h-we been separated and also listed alphabetically. This same system was used to depict the information published in the literature pertaining to the familial resistance of viruses in laboratory media and in foods.
Examination of the data shown in Tables 2 and 3 indicate that the vast majority of viruses within the various families are inactivated at temperatures of about 60 C or less
This literature review on v'ral inactivation indicates that resistance to thermal denaturation appears to be i restricted to viruses within the last five fanilles depicted in Table 1 .
i Greater resistance to temperature inactivation has been reported for the parvoviridae, the papoviridae and the nicornaviridae. The adenoviridae and the reoviridae appear to be only slightly more resistant to thermal inactivation than the first ten fanilies. Only the parvoviridae and the picornaviridae contain sufficient numbers of viruses to be of importance in studies on vlr.il t? ermal inactivation. The greatest number of viruses ! of nublic health importance are in the familv of picornaviridae. At the present time the exact position in the classification system of the hepatitis and ^aatroentertitis viruses is not known but nrobab'v thev will be included in the parvoviridae or the picornaviridae.
The thermal inactivation data published in the literature have been concerned chieflv with inactivation of high titers of viruses in fluid preparations. There is p.reat variation in the techniques and procedures j used to evaluate the thermal resistance of viruses. In the majority of studies the viral suspensions were heated in test tubes that were held in constant temperature wate-: baths. In some cases the vixal suspensions were mixed in an attempt to equalize the temperature in the suspending media. In ] addition, a number of containers were used to process the virus suspensions j such as. capillary tubes, ampules an'' varvin~ tyi-es of flasks and bottles. It has been our experience that in evaluating the thermal resistance of \ viruses that even distribution of the heat occurs only when the viral su, pension is processed in ampules or capillary tubes that are submerged in a constant temperature bath. When other tvpes of non-submerged containers are utilized, there is uneven distribution of the heat and nossibie contamina-\ tion of the heat processed fluids by viruses surviving on the walls and closures of the vessels, buch conM unition may be interpreted as apparent survival of low level virus after the !;cnt treatment process In some cases these viruses are not detected bv cell culture systems but were observed j when animal inoculation was utilized. It is possible that free virus nucl'lc < acid may have been the causative agent in some of the renorted virus perj sistence papers, especially when the heat treated preparation was injected | into an animal. j
In Table 4 a nu iber of substances are listed that have a protective effect on viruses when low temperatures (40 to 60 C) are used in thermal inactiveLion studies. In addition, this protective effect has been observed with other substrates such as serum, ice cream mix and other high protein-carbohydrate containing suspensions. It has been shown that with higher teraoeratures, in excess of 60 C, the protective effect on the virus decreases significantly.
T Then virus susnen? .ons containing less than 10^ particles/ml are processed, normal inactivation occurs in a short period of time at temperatures of 60 to 70 C ant! appear to be inactivated at relatively the same rate.
Only a limited number of viruses have been reported to have extremely high thermal resistance. These viruses are foot-and-mouth disease virus, hepatitis "A" (infectious hepatitis), hepatitis ,T B" (serum hepatitis) and the limited number of viruses in the napova and parvo virus families. In the reported foot-and-mouth disease studies a nunber of investigations were performed using high titers of viruses and in the malority of investigations tubes or bottles were used to process the suspension in the water bath. Apparent survival of low levels of viruses is possible with this procedure. Only limited or no viruses were reported to survive the heat processing of foods naturally contaminated by foot-and-mouth disease virus. Expected virus levels in naturally infected animals are shown in Table 5 . Hesearch in the Food and Drug Administration laboratories in Cincinnati indicates that virus levels of this magnitude were inactivated by temperatures less than those required for pasteurization of ice crean mix (6**.3 C for 30 n!.n or 79.A 0 C for 25 sec).
The reported thermal inactivation data on the hepatitis viruses are United. In most cases viruses of unknown titer wer*» heat-treated in blood or blood components in an attempt to inactivate viruses, and infectivity was determined by human or primate feeding or inoculation studies. In one series of studies using hepatitis "A" in marmoset serum a temperature of 60 C for one hour was not sufficient to prevent infectivity in marmosets iniected with the heated product, "hen the sane virus was suspended in water ard heat processed, a reduction in infectivity was reported for the same time-temperature process. Because of the limitations in the reported data and the scarcity of information, the thermal resistance of hepatitis viruses is presently unknown.
It is possible that viral persistence may occur in heat processes using long time-temperature procedures such as cooking solid foods where periods of hours are required to reach internal temperatures of 60 C. Some viruses that could be present in animal foods are shown in Table 7 . If viral protective agents are present in food, the lethality of the heat treatment process at levels below 60 C may have onJy a slight effect on the viruses,and the actual kill will commence only at temperatures above the 60 C. This could cause persistence of viruses in the food unless such considerations are made in determining the total food process, and the Wj^mimmmi^m9l***mm*mm>1Smmnmmm^*^^^m^^^*+m*m^mmrm9miW*i' -"-■ l vll ""l' lethality is calculated for th'i time-temperature process after reaching the 60° C level.
All the reported thermal inactivation data have been incorporated into Figure 1 . Because of the variation in the inactivation rates of the different viruses, a range of inactivation data is shown. Normal virus concentrations expected to be encountered in food should be inactivated at the time-temperature points shown in the figure. Only limited virus inactivation data have been reported in solid foods and consideration of this deficit was given, as well as the questionable persistence of some viruses, when the data were used to plot the solid food slope. This slope is close to that of the USPHS Pasteurization Standard for ice cream mix.
Thermal inactivation of viruses is directly related to th* chemical composition of the particle. The major organic constituents changed by temperature are lipids, proteins, and nucleic acids. The density of the particle is related to the varying compositions of the three organic constituents. Particles containing lipids or lipid complexes will teru to be more buoyant than particles composed of carbohydrate, protein, and nucleic acids.
Low temperature (20 to 35 C) inactivation of viral infectivity is dependent upon disruption of the nucleic acids. At higher temperatures ( > 50 C), inactivation is due to denaturation or disruption of the proteins of the virus particle.
The nucleic acids present in the virus are of two types: ribonucleic acid and deoxyribonucleic acid. In a minority of the cases the nucleic acid may be double stranded. The nucleic acid is highly resistant to thermal inactivation at high temperatures for short periods of time. However, the nucleic acid molecule is disrupted gradually at low temperatures over relatively long time spans.
Some of the thermal characteristics of nucleic acids are shown in Table 6 . In the case of the RKA containing viruses, nucleic acid inactivation is probably due to breakage of the phosphate bonds, Vhereas, in the case of the DNA containing viruses, inactivation is due to cleavage of the purine or pyrimidine bases of the nucleic acid complex. At low temperatures, DNA is about 30-fold more resistant than the RNA. In Figure 1 to ---:------:--"V"""^ Tf _i
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However, it appears that the comple:: structure of the double stranded DITA is more resistant to disruption than is single stranded DM, and doublestranded RNA is more heat sensitive or equivalent to that of the singlestranded RNA.
Virus particles whose outer surface contain envelope structures are susceptible to mechanical iniury. Such -»articles appear to be very sensitive to thermal inactivation. In many cases the envelope is composed of lipid complexes. Whether loss of infectivity is due to a mechanical injury of the envelope or to a change in protein or lipid structures is at present unknown.
Viruses with protein outer surfaces are thermally inactivated by denaturation of the protein that occurs at higher temperatures. In some cases the coat is ruptured and the nucleic acid is liberated into the medium. A certain percentage of particles entrap the nucleic acid in the core as the protein components on the surface are denatured. This particle has lost its ability to attach to the cell due to disruption of the structural integrity of the attachment site. However, these particles still containing nucleic acid may enter into the cell system by some mechanical process such as pinocytosis, or some other means of engulfment, and the nucleic acid may be liberated within the cell and infection occurs.
It has been demonstrated that the nucleic acid from a suspension of virus particles is liberated into the medium during a thermal inactivation process. If nucleases are present, the nucleic acids are rapidly inactivated. However s in the absence of nucleases, the liberated nucleic acid is infectious. Laboratory studies have shown that demonstrated infectivity by nucleic acid is 2 to 4 logs less sensitive than that of the intact viroid. Thus, Kp virus particles may be inactivated but infectivity is still demonstrated in the cell or animal system because of the low level infectivity of the free nucleic acid.
The thermal process used to inactivate enzymes in foods, not less than 73 C or more than 77 C, probably will be greater than that required to inactivate viruses. In Figure 1 , a 3D virus inactivation process is depicted. If a 12D process is required, the slope will approach the USPHS pasteurization standard for ice cream mix when high temperatures are used. At low temperatures («60 C) longer time-temperature processes will be needed to inactivate the viruses than is required by the pasteurization standard.
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